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IN IRRIGATION DIVERSIONS!

William D, Clothier
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Data collected from the Low Line
Canal during a study of irrigation fish
losz and movement in Gallatin Valley,
Montana, 1950-1951, showed =2 direct
gorrelation between severe water redue-
tions and the movement of 36.87 pounds
of legal game fish back into the West
Gallatin River {(Clothier, 1952). This
phenomenon has not been entirely over-
looked with respect to saving fish lost in
irrigation ditches. Dv. Richard B. Miller
states, “There now exists a sort of agree-
ment (in Alberta) whereby headgates
are shut slowly.” (Correspondence, No-
vember 24, 1951). For several years in
the present study ares, the volume of
flow in the Kleinsehmidt Canal has been
decreased a few days before headgate
closure solely to stimulate fish to return
to the river. Degpite the general recog-
nition that water reductions save fish,
little quantitative information iz avail-
able,

To verify and enlarge upon previous
findingg, four West Gallatin River canals
{Middle Creek Supply, Farmers, Klein-
schmidt and Spain-Ferris) were studied
in 1952, A series of 300-foot sections

t A contribution from Dingeli-Johnson In-
vestigations, Project F-3-R, Monfana State
Fish and Game Department. Thanks are ex-
tended to Don C. Quimby, who read and made
suggestions for improving the manuseript. Con-
siderable assistance in the field was given by

- John-Spindler-and-Richard  Graham, graduate -

students of Montana State Coilege. Coopers-
tion of participating Gallatin Valley Ditch
Companies is appreciated.

within approximately one mile behind
the headgate of each canal were quali-
tatively sampled during the regular
irrigation season with a “shoeker” pow-
ered by a 500-watt alternating-current
generator. Trout, whitefish, and suckers
were weighed, measured, marked by
distinctive fin-clips, and returned to the
water within the sections where found.
"There were two marking periods in two
of the canals, the first in connection with
a related study.

Three days prior to headgate closure
at the end of the irrigation season, the
volume of flow in the Middle Creek
Supply, Farmers, and Kleinschmidi
Canals was redueed abruptly to the
lowest level eapable of supporting fish
movement. FThe Spain-Ferris Canal
served as a control. [ts water supply was
turned off without a preliminary period
of deereased flow.

Each 300-foot section of all canals
from the headgates downstream to the
last section in which fish were marked
wag blocked by nets and shocked after
the water was turned off. Distances
traveled by marked fish were measured
with a 100-foot steel tape.

Mippre CrEEK SuppLy CANAL
{DECREED RIGHT 76.2 c.r.8.)

Fish from four 500-foot seections of
the Middle Creek Supply Canal were

marked and released (Table 1) on

August 20 several days after the volume
of flow had been reduced to 41.9 c.fs,
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Taptk 1.—TrRouTt axo WarTErisH MAREED axp RELEAssED v THE MipoLe Ceiex Svreny CaNaL

Weighst Length in inches
Species Number {pounds) Average Range
Raicbow.............. a8 20.24 8.8 6.2-15.1
Brook................ 19 4.96 7.7 3.4-14.4
Brown................ 12 11.68 12.1 3.3-18.7
Whitefish............. & 0.75 4.6 3.4-11.9
Total...............t. 97 37.63

TapLe 2—NuvBers anp WEIGHTS oF TrRovur, WarTEFIsH, anD Sucrrs FTaxexy From tHE
4900-roor STupy SeorioN oF THE Mopre CrEsg Svrroy Canarn

Weight Percentage coraposition
Species Number (pounds) By number By weight
Rainbow.. . ........... 249 39.55 46 .4 47.9
Brook................. 126 11.97 23.4 4.6
Brown..........0c0ue.. 58 24 50 10.8 29.8
Cutthroat.............. 5} g.76 0.9 0.9
Whitefish..........,... a7 5.47 181 6.7
Suckers................ 2 (.00 0.4 0.1
Total.........oool .t 537 &2.14 100,60 100.0

from deereed right. There were no fur-
ther major water cuts until October 8
when flow was reduced to 7.7 c.f.8. This
water flowed under the headgate through
a space approximately 1-1/2 inches
high. Within five minutes two eight-inch
trout moved rapidly upstream to the
headgate, The increased water pressure
and the narrow opening possibly im-
peded fish movement out of the canal.

Rainbow trout was the most abundant
game species in the 4900-foot study sec-
tion following headgate closure on
October 11 (Table 2). Eastern brook
trout, brown irout, cutthroat trout,
whitefish, and suckers comprised the
remaining 53.6 per cent. Approximately
63.5 per cent of the trout and 79.4 per

~cent of the whitefish were less than

gseven inches in total length; the two
longnose suckers less than six inches,

Fish concentrations were found behind
the headgate and wherever brush, under-
cut banks, and pools furnished eonceal-
ment. These areas of concentration were
often small and widely separated, sug-
gesting that the reduced flow had ef-
fected a redistribution of the population.
There were 21.75 pounds of trout and
0.59 of a pound of whitefish found on a
15-foot cement ramp immediately be-
hind the headgate. Only 1.04 pounds,
all trout, were taken from the remaining
285 feet of this first section, Game fish
poundage in Seciion 1 represented 28.5
per eent of the total pounds taken in
the entire study area (Fig, 1),

About 11 per cent of the poundage
{all trout) was taken from % shallow 20~

foot pool in Section 2 near one bank

under overhanging willows. Sections 3
to 5, inclusive, had few pounds of fish.
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F1e. 1. Pounds of trout and whitefish taken in

each 300-foot section of Kleinschmids and Middle

Creek Supply Canals (superimposed broken line), and direction and distance marked recoveries

traveled from point of releagse {vertical bars).

Zero feet at the headgate., Hach symbol signifies

an individual fish.

This area was characterized by rubble
and very shallow water. A fairly uniform
distribution of poundage (38.9 per cent
of the fotal) was taken from Sections 6
through 10, This entire area was a con-
tinuous pool 12 to 18 inches deep. The

water in Sections 11 through 18 was
generally less than 10 inches deep. Few
pounds were taken in this part of the
diteh except in Section 13, which con-
tained 11.84 pounds of game fish (14,4
per cent of total poundage eaptured).
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Most of these were found in shallow
water beneath a pile of leaves and brush
aceumulated on fence wires.

Approximately 41.6 per cent of 89
marked trout in the Middie Creek Sup-
ply Canal were recovered. None of the
marked whitefish were retaken. Sixty-
one days elapsed from date of marking
to date of headgate closure.

Of the marked trout recovered, 73 per
cent bad moved upstream for distances
ranging from 150 to 4850 feet (Fig. 1).
Fight were found between 200 and 800
feet downstream from the point of re-
lease, and two were recovered in the
area where marked., There was no dis-
tinet difference shown in direction of
movement by Iindividusl species of
marked trout.

Two marked trout less than seven
inches in total length were recovered.
Ome 4.3-inch brook trout found at the
headgate had moved 1750 feet up the
eanal, and a 6.%9-inch rainbow trout re-
covered some distance from the headgate
had gone upstream 450 feet. The trout
that traveled the greatest distance up-
stream was & 10.0-ineh rainbow (Fig. 1).

Marked fish that did not reach the
headgate were found in areas affording
eoncealment suggesting that exposure
resulting from water removal stimulated

fish to seek cover. Perbaps they would
travel longer distances if cover were not
available. Exposure may stimulate fish
to move more readily than does the
actual process or amount of flow redue-
tion. A few water reductions in the
Keughen Canal during the 1950-1851
fish movement investigation equaled the
present reduction in volume withou
stimulating an up-canal movement of
fish into a weir. Only about half of the
water was turned out of the Keughen
Canal by these reductions leaving suffi-
eient water depths for concealment,

Kremvgcamipr CANAL
(DECREED RicHT 151.0 0.7.8.)

The Kleinschmidt Canal earried about
50.5 c.f.s. of water when fish were taken
from the canal and marked August 5 and
17 {Table 3). Flow remained relatively
constant from these dates until ¥ was
decreased abruptly to 13.3 c.f.s October
14, All water was turned off October 17.
A time lapse of 74 and 64 days occurred
between the two dates of marking and
headgate closure.

Fxcluding seulpins, rainbow trout and
whitefish were the dominant species in
the study area (Table 4). There were no
cutthroat trout or suckers captured.
Six of the 19 whitefish and 29 of the 59

Tipis 3.~Trour AND WrHitErsE MawkeEr ano Ryrmaszo v THE KieiyscHsmipr Cavav
Durmwe Two Srocring Perions (Aueust § AxD 17).

Weight Length in inches

Species Number {pounds) Average Range
Rainbow.............. 18 5.71 8.4 4.6-13.9
Brook................ i .41 10.3 e
Brown................ 2 .41 7.0 T.8- 8.0
Cutthroat............. 3 0.43 7.5 7.0- 8.0

. W—hitﬂﬁsh S 3 . P iA42 . 123 11 :5 ,,13@
Total................. 27 £.38
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Tapre 4.--Nymeers ane WelcaTs oF TRoUT axp Wrrrersy Tarkey From Tme 7500-Foor
Stuoy SEcTIeN oF THE KLEiNscuminT Canatn

Weight Porcentage composition
Species Number {pounds) By number By weight
Rainbow, ... ............ 42 15.10 53.8 49 .4
Brook.................. 14 2.44 18.0 8.6
Brown. . 3 1.13 3.8 3.7
Whitefish............... 19 11.90 24 .4 38.9
Total..........c.oouiun 78 30.57 100.0 106.0

trout taken were less than seven inches
in total length.

Trout and whitefish loeated immedi-
ately behind the diversion headgate
comprised 65.2 per cent of the total
poundage taken in the entire study area
{Fig. 1). These fish were concentrated
similar to those taken at the Middle
Creek Supply Cansal headgate. The re-
maining 10.64 pounds of game fish taken
from the Kleinschmidt Canal were
divided among Sections 2, 3, 4 and 9,
which were predominantly rubble and
gravel with a few isolated areas of water
three to six inches deep. Water depths
throughout the remainder of the study
area did not exeeed 14 inches in depth.
Sparse vegetative eover and a smooth
channel bottom provided little conceal-
ment for fish in this lower area.

Of the fin-clipped trout, only five
rainbow (20.8 per cent) were recovered
{Fig. 1). Each had moved upstream for
distances ranging from 950 to 7500 feet,
All but one swam under the downstream
headgate to reach the headgate at the
canal intake. The smallest recaptured
rainbow trout (5.5 inches in total length)
traveled 950 feet. A 12.9-inch rainbow
trout moved the maximum distance of
7500 feet,

No marked whitefish were retaken.

Farmers CanaL
(pECREED RIGHT 268 C.F.5.)

Fish were marked (Table 5) and re-
covered on two oceasions in the Farmers
Canal. Trout marked in the 200 feet
immediately behind the second headgate
on August 4 totaled 28. This number

TaprLe 5.—¥'mse Marker anp Receasep 1x 7HE Farsvers Cavarn Duriveg Two Marging PERIODS
(Avgust 4 anp 20)

Weight Length in inches
Species Number (pounds) Average Range
Rainbow.............. 38 15.81 9.5 4.6-14.0
Brook................ 84 17.08 7.6 2.7-12.0
Brown................ 7 %.10 3.0 7.5-20.2
Cutthroat,............ 2 .33 7.9 7.6- 8.3
Whitefish, ............ 3 (.03 3.3 3.1- 3.4
- Bk g e qaa P
Total................. 143 7.32
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was added to on August 20 when 103
trout, three fingerling whitefish and nine
longonose suckers were fin-clipped and
refeased in three additional sections
{total length 1500 feet). The latter sec-
tions represented the area from the first
headgate to 4800 feet downstream. Sub-
sequent recoveries included 49.6 per cent
of the trout, none of the whitefish, and
43.0 per cent of the suckers. The marked
fish that traveled the greatest distance
{4500 feet upstream) was a 7.3-inch
sastern brook trout.

Volume of flow during the fwo mark-
ing periods was near 51 e.fs. A gradual
decrease to approximately eight cfs
oceurred after the fish were marked and
coincidental with the natural lowering
of river level. This gradual reduction
had not been anticipated, and by Sep-
tember 24 it appeared advisable to re-
shock the area behind and adjacent to
the first headgate and the one immedi-
ately in front of the second headgate,
Each area was a favorable fish habitat
with water depths up to four feei. This
water is constantly freshened by seepage
from springs. Marked fish moving from
other parts of the canal as a result of
slowly diminished flow were likely to be
retained in one of the two pools.
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A few days subsequent to September
24, the ditch company adjusted the ecanal
intake and increased volume of flow to
16.3 e.f.s. Arrangements were then made
to have the water cut sharply three days
before headgate closure as originally
planned. Thus on Oetober 10 the flow
was reduced to 4.0 e.f.s., and completely
turned off Oectober 13. The second re-
covery shocking proceeded immediately
after headgate eclosure, and included
the entire area from the first headgate
to 4800 feet downstream,

Eastern brook frout was the most
abundant species taken during the two
recovery periods (Table 6). All other
species comprised 45.7 per cent of the
total. Of 403 trout taken, 33.5 per cent
were less than seven inches in total
length. No adult whitefish were cap-
tured. Suckers ranged from 6.6 to 18,5
inches in total length, and mean length
was 14.5 inches.

A total of 27,13 pounds of trout, 0.80
of a pound of whitefish and 6.25 pounds
of suckers were taken in Sections 1, 2
and 3 behind the first headgate on Sep-
tember 24 {Fig. 2), There were 35.17
pounds of trout and 0.34 of a pound of
whitefish removed from Section 8 in
front of the second headgate. None of

TasLE 6.—NUMBERS aND WEigHTS oF Trour, WarrerisH, aNp Svcsens Tagex Durive Two
Rrcovery Perions Froum tHE 4800-ro0o1 S1UDY SectioNy oF TEE FarRMERs CANAL

Weight Percentage composition
Species Number {pounds) By number By weight
Raipbow............... &7 32.25 15.9 26.5
Brook................. 298 50.68 54.3 49.9
Brown................. 13 13.33 2.7 11.0
Cutthroat.............. 3 1.36 4.5 1.1
Whitefish.............. 139 3.21 25.3 2.6
Rl 10 83 o T g
Total.....ooooo s, 544 121.466 100.0 100.0
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the fish was returned to the canal, and
all but suckers were transported to other
waters.

There were 46 marked trout and two
marked suckers taken during this first
recovery period (Fig. 2. Most of these

JovrNAL OF WiLpLire MaNAGEMENT, Yor. 18, No. 2, Arrir 1954

fish were found in the same iwo pools
where fin-clipped, which suggests that
gradually decreased flow had Little effect
on fish movement when deeper water
afforded concealment. Seven of the trout
marked in the shallow 900—&)0%5&1@& add-

SUGKEES X

i
oh

BECOVERY

SHOOXRING

s
o

[
in

Z0or

BOUNGS

ow

resben.

apd

E (200 1500
{3)

(4] i5]
AN FEET .

1B0O
i6k

DS TaNCE

- L
210 2a00 2
7 (8}

AMD. CORRESPONOING . &

3500

i 3200
{ H 2 5y

{14y

1

Fie. 2. Pounds of irout and whitefish taken during twe recovery shockings in Farmers Canal
{superimposed broken line}, and direction and distance marked recoveries travelad from point of
release {vertical hars). Zero feet at the headgate. Each symbol signifies an individual fish.




Frsp MoveEMENT 1IN IrricaTioNn Diversions—({othier

jacent and downstream from the second
beadgaie had moved up the canal to one
or the other protective pool in Hections
1, 2 and &

During the second recovery period,
only 47.39 pounds of trout and whitefish
were faken from the entire 4800-foot
study area (Fig. 2). Almost 70.5 per cent
of this poundage was found in the pool
immediately in front of the second head-
gate (Section 8), which nearly equaled
the amount previously removed from
the same section, Less than a pound of
trout and whitefish were found down-
stream in Sections 9 through 16, and
these were all fingerlings.

Fighteen marked trout and two
marked suckers were taken during this
secondd recovery period (Fig. 2). All
movement of fish marked downstream
from the second headgate was in an up-
canal direction. Apparently the sharp
decrease in flow #0 4.0 cf.s. had a part
in stimulating these fish to move up-
stream and contributed to the void in
Section 8.

Spamv-Frrris CANAL
{pECREED RIGHT 121.3 ¢.F.8.)

Water in the Spain-Ferriz Canal was
turned off without a preliminary three-

1567

day period of reduced How to establish
whether many marked fish move in an
up-canal direction despite 3 sharp water
cut. Flow in this diteh diminished from
300 ef.s. to 204 eof.s. between the
marking period and the water turn-off-
date (September 12 to November 4).
The time lapse between these two dates
was 23 days. Actual censusing was
begun November 6,

Within 15 minutes after headgate
closure four brown trout, one rainbow
trout, two small unidentified trout, and
two adult whitefish responded to reduced
flow by moving upstream o the head-
gate. The identified trout ranged ip size
from an estimated 1 to 2-1/2 pounds
each, Probably these fish subsequently
swam a short distance downstream to
deeper water. About 1500 feet behind
the headgate another trout (estimated
tength eight inches) was observed strug-
gling upstream over a shallow riffle,

Whitefish was the most abundant
game species taken in the 4200 feet
adjacent and downstream from the
headgate (Table 7). Brown ftroui com-
prised 56.9 per cent of the total number
of trout captured. Longnose suckers
were found in greater numbers than in
any of the canals investigated. Game

Tisie 7—NuueERs axp WEicHTs oF Trour, Warrerisy, avp Svegers Tagey FroM THE
4200-roor STuny SEcEoN oF vHE SPaIN-FErRIs Cavarn

Weight, Percentage composition

Bpecies Number {pounds} By number By weight
Rainbow.............. it 30,091 6.6 6.8
Brook................ 43 14.18 4.2 3.1
Brown,............... 174 101 .60 i7.0 225
Cutthroat............. 22 5.40 2.2 1.2

C Whitefish. ... 840 205,10 52.9 L4989
Suckers............... 175 497 .37 7.1 21.5
Total. ... oo 1022 452 .57 1066.0 100.0




158 JouryaL oF WiLoLire MaNaceEMENT, VoL, 18, No. 2, Aprir 1954

fish less than seven inches in total length
included 31.8 per cent of the whitefish
and 5.2 per cent of the trout. Suckers
averaged 9.2 inches in total length (4.3
to 19.5 inches).

Fish eoncentrated wherever cover
furnished concealment much the same
as in the canals which had an abrupt
deerease in flow before headgate closure.
Only 12.8 per cent of the total trout
and whitefish poundage taken in the
Spain-Ferris Canal was found in Sec-
tion 1 behind the headgate {Fig. 3),
which is considerably less than 28.5 per
cent found in Section 1 of the Middle
Creek Supply Canal or the 65.2 per cent
for the same section of the Kleinschmidé
Canal. Practically all of the poundage

taken in this first seetion of the Spain-
Yerris Canal was located in a 40-foot
pool (maximum depth 30 inches) about
260 feet downstream from the headgate.
A T75-foot pool (maximum depth 14
inches} held all of the fish taken from
Section 2. Three-fourths of the fish in
Section 3 were found in a 25-foot pool
(maximum depth 30 inches), and the
remaining 1/4 were taken from two ad-
jacent and shallower pools. These first
900 feet of the eanal more closely re-
sernble a natural stream than a diversion
ditch. Pools are separated by rifffes,
bottom materials are predominantly
rubble and gravel, and channel banks
are well covered by willows and smaller
shrubs.
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Less than one per cent of the total
game fish poundage was taken from
Sections 4 and 5, each of whieh con-
tained two to eight ineches of water.
Trout and whitefish taken from Sections
6 through 12 (2100 feet) represented
587 per cent of the total game fish
poundage captured (Fig. 3). Standing
water depths increased gradually from
12 inches in Section 6 to 24 inches in
Section 9, and remained deep through
Seetion 12, Cottonwood trees and wil-
lows shaded Sections 6 through 8, and
continuous islands of Ranunculus aqua-
tilis gave cover in Sections 9 through 12.
The remaining sections in the study area
{13 and 14) were shallow because of an
increased gradient. Only a few fish were
taken in this 600-foot section of ditch
and most of these were found under a
bridge in Section 13.

Four 500-foot sections were shocked
during the marking period, and 85 fish
were fin-clipped (Table 8). Subsequent
recoveries inciuded 49.0 per cent of the
trout, 47.6 per eent of the whitefish and
none of the suckers. Only one fish (a
trout) less than seven inches in length
wasg retaken.

Most of the recoveries (51.4 per cent
of total) were reeaptured as far as 2550
feet downstream from the point of re-
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lease (Tig. 3}. Recoveries which moved
upstream (34.3 per cent of total) had
traveled from 330 to 1800 feet. No
movement wag shown by 14.3 per cent
of recoveries. This down-canal trend is
opposite to the trend of movement found
in canals where distinct water redeetions
were made before headgate closure.

SUMMARY

1. Four canals from the West Gallatin
River, Montana, were selected for a
study of trout, whitefish, and sueker
movement following abrupt water re-
ductions.

2, Fish taken from each eanal during
the regular irrigation season were marked
and returned to the water within the
section where caught.

3. The entire distance from the head-
gate to the last section in which fish
were marked (4200 to 7500 feet) was
censused in each canal after the water
was turned off. Elapsed time between
dates of marking and dates of headgate
closure ranged from 51 to 74 days,

4. Water in three canals was decreased
three days prior to headgate closure. One
of these ditches had a period of reduced
flow coineidental with the natural lower-
ing of river level. The fourth canal served
ag a eontrol, and it was turned off with-

Tasie 8.—Fisg MAREED axp RErgasgp ¥ rug Sparv-Ferris Canar, SsproMBER 12

Weight Length in inches
Spacies Number {pounds} Average Range
Rainbow................ 10 3.13 8.4 6.4-12.7
Brook.................. 3 .52 7.9 7.2- 84
Brown - 4 i5.11 9.6 6.9-.21 4
Cutthroat............... i 0.12 7.6 e
Whitefish. .............. 21 2L SRR 5. S .3.6-12.6
Suckers......... ..., 13 5.86 a.0 4.7-17.8
Total. ..ot 85 28.52
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out & preliminary reduction period.

5. Fish concenirations were found
wherever brush, undercut banks, and
pools furnished concealment. These
areas of coneentration were often small
and widely separated, suggesting that
reduced flow effected a redistribution of
the fish population.

6. Game fish concenfrations were
found immediately behind the headgate
in the two eanals having one period of
deereazed flow before headgate closure.
Of the marked recoveries, 73 per cent in
one eanal and 100 per cent in the other
were recaptured upstream from point of
release for distances varying from 150
Lo 7500 feet,

7. The smallest marked fish (a 4.3-

Jourwan oF WinbLire MaNacemenT, VoL, 18, No. 2, Arrin 1954

inch eastern brook trout) which moved
upstream traveled 1750 feet. A 12.9-inch
rainbow trout traveled a maximum dis-
tance of 7500 feet,

8. Only 12.1 per cent of the game fish
poundage in the control canal was found
in the section immediately behind the
headgate, and 51.4 per cent of the
marked recoveries were recaptured as
far as 2650 feet downstream from the
point of release.
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